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DEVICE FOR HOLDING MEASUREMENT INSTRUMENTS 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The invention relates to a device for holding 
measurement instruments, in particular interferometers, 
formed from a plurality of structure elements connected 
to one another and made from at least one material, the 
10 at least one material having .a. very low coefficient of 
thermal expansion a, in particular being a glass- 
ceramic or a metal alloy. 

Moreover, the present invention also relates to a 
15 device for the stress-free connection of at least two 
components . 

2. Description of the Related Art 

In the case of optical systems which are intended to be 
20 suitable for generating optical images with a very high 
level of accuracy, for example optical systems for 
lithography, the individual optical elements have to be 
positioned as accurately as possible in all six degrees 
of freedom in terms of their orientation. 

25 

Optical systems of this type often include sensors 
which are able to monitor the position of the optical 
elements and carry out path length measurements or 
measurements relating to the change in path length. 

30 

If optical systems of this type are used in practice, 
loads on the optical system itself may arise on account 
of temperature fluctuations which may occur through 
environmental influences. These temperature 

35 fluctuations may have a serious effect on the results, 
in particular in the case of objectives used in 
semiconductor lithography; to achieve a very high level 
of measurement accuracy, the influence of thermal 
expansion should be minimized. 
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DE 101 34 387. 6, which was ' not published before the 
priority date of the present application, describes an 
objective, in particular a semiconductor lithography, 
5 which has two separate structures. A load structure is 
intended to hold optical elements, in particular 
mirrors, while a further structure is designed as a 
measurement or reference frame. The load structure in 
this case bears the entire load of the optical element 
10 and the reaction forces which occur in the event of 
corresponding movements. The measurement structure, on 
the other hand, bears only its own weight, so that a 

highly stable measurement structure can be achieved. 

i 

15 A measurement frame of this type can be produced from 
materials which are known in the prior art with a very 
low thermal expansion, such as for example ZERODUR®, 
ULE or the like. However, large measurement frames have 
to be assembled and connected from a plurality of 

20 structure parts made from materials of this type. 
Although the materials used have a low thermal 
expansion, they are not suitable for producing 
connecting elements required for assembly, on account 
of their mechanical properties. In the region of the 

25 connections between the individual structure elements, 
the materials used there for the connecting elements 
means that the thermal expansions will be very much 
greater. The geometric dimensions of the overall 
measurement frame will therefore change when 

30 temperature fluctuations occur to a sufficient extent 
for the' required degree of accuracy in the nanometer 
range no longer to be achieved. 

Furthermore, in connection with the prior art reference 
35 is also made to US 6,227, 754 Bl, US 6,111,691 A and 
US 6,099,193 A. 
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SUMMARY OF THE INVENTION 

The present invention is therefore based on the object 
of realizing a measurement frame of this type, which 
5 bears the measurement instruments', with a view to 
avoiding the abovementioned drawbacks. 

According to the invention, this object is achieved by 
virtue of the fact that the structure elements on which 
10 the measurement instruments are arranged are secured 
between at least two structure side parts in such a way 
that the thermal expansions of the structure side parts 
and of the connections have no effect in the 
measurement direction of the measurement instruments. 

15 : V K 

I. 

The structure elements are made from the material with 
a very low coefficient of thermal expansion a, which is 
known per se and is standard in this field, such as for 
example glass-ceramic, in this case in particular 

20 ZERODUR® . The individual structure elements are 
arranged and connected in such a way that the thermal 
expansion of the connection between the structure 
elements take effect only in one direction, which is 
not in the direction responsible for positioning of the 

25 measurement instruments or 'perpendicular to the 
structure elements which- ;-,:bear ; the measurement 
instruments. v 

This solution according to the invention means that the 
30 device is now only able to expand in certain 
directions, which are not relevant to the measurement 
tasks in the nanometer range, in the event of 
temperature fluctuations . 

35 This allows a very rigid system to ; be obtained, which 
retains its shape and position irrespective of 
temperature. 

In a particularly advantageous way, it may be the case 
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that all the connections can be produced by means of 
connecting elements, while temperature fluctuations can 
only influence structure elements which do not bear any 
measurement instruments and are not responsible for 
5 determining positions in another component. 

On account of the fact that there are no direct 
connections between the structure elements, but rather 
the connections are made by means of connecting 
10 elements, expansions which inevitably occur in the 
event of temperature changes take place only in 
directions which have no influence on the measurement 
position. In this way, a very high level of- measurement 
accuracy can be achieved. 

15 

A particularly advantageous embodiment of the invention 
is characterized by a connecting device having a 
coefficient of thermal expansion a which deviates from 
a coefficient of thermal expansion a of two structure 

20 elements which are to be connected without stresses, 
each of the structure elements being gripped by means 
of a connecting element which is formed symmetrically 
with respect to the structure element, and the 
connecting elements being connected to one another via 

25 securing means. 

In this case, connecting elements and securing means 
are used for stress-free connection of two structure 
parts, and the coefficients of thermal expansion a of 

30 the structure elements and of the connecting elements 
or the securing means are not equal. Each structure 
element is gripped by means of a connecting element 
which is formed symmetrically with respect to the 
structure element. The connecting elements are 

35 advantageously connected to the corresponding structure 
elements by means of an adhesive. The advantage of 
securing the structure elements via the connecting 
elements in this way is that in the event of 
temperature fluctuations the position of the structure 
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elements is retained* Multiple adhesive bonding of the 
structure elements to the connecting elements ensures 
that it is impossible for them to peel off. 

5 Further advantageous configurations of the invention 
will emerge from the further subclaims and from the 
exemplary embodiment presented below with reference to 
the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

shows an outline • illustration of a device 
according to the invention for holding 
measurement instruments, in plan view; 

shows an outline side view of the structure 
shown in Figure 1; 

shows an outline illustration of a device for 
stress-free connection of components; 

shows an outline side view of the structure 
shown in Figure 3; and 

shows a perspective illustration of the 
device according to the invention with 
measurement instruments . 

DETAILED DESCRIPTION 

30 

Figure 1 shows an outline illustration in plan view of 
a device 1 according to the invention, which is used to 
hold measurement instruments" 2, in this case in 
particular interferometers, in the installed position. 
35 In the highly simplified exemplary embodiment shown 
here, the device 1, which is also referred to below as 
the measurement structure, is designed as a 
temperature-stable construction for holding the 
measurement means (interferometers 2) . To achieve 



10 

Figure 1 
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Figure 4 
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thermal stability, the arrangement of connecting 
elements 3 for structure elements 4, 5, 6 and 7 is to 
be selected in such a way that expansions of the 
connecting elements 3 and also of the structure 
5 elements 4, 5, 6 and 7 can be permitted but the 
expansions do not act in the measurement direction of 
the interferometers 2. To ensure that the expansions 
are only minimal, the coefficient of thermal expansion 
a of the structure elements 4, 5, 6 and 7 is to be kept 

10 as low as possible, which means that materials such as 
glass-ceramics or metal alloys should be used for the 
structure elements 4, 5, 6 and 7. Since according to 
the prior art glass-ceramics cannot be screwed, clamped 
or used for connections of this nature, the connecting 

15 elements 3 have to perform this role. The connecting 
elements 3 should likewise be made from a material with 
a very low coefficient of thermal expansion a, in order 
to avoid high levels of thermal expansion. The material 
used here for the connecting elements 3 is INVAR; it is 

20 also possible to use other materials with a 
correspondingly low coefficient of thermal expansion a. 
The interferometers 2 are arranged on the structure 
elements 4. The structure elements 4 are secured to the 
structure side parts 5 via the • connecting elements 3 in 

25 such a way that the thermal expansions of the structure 
side parts 5 and of the connecting elements 3 do not 
act in the measurement direction of the interferometers 
2. 

30 Overall, the structure elements 4 together with the 
structure side parts 5 form a cuboid, the structure 
side parts 5 being secured by means of a structure back 
part 6 which is arranged between them and is not shown 
in this exemplary embodiment. The structure back part 6 

35 is not directly connected to the structure elements 4 
on which the interferometers 2 are arranged. 

The structure side parts 5 and the structure elements 4 
are connected to a structure front plate 7, likewise 
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via the connecting elements 3. Depending on temperature 
fluctuations , the structure side plates 5 may move 
inward or outward over the connecting elements 3, but 
the structure elements 4 should remain in a stable 
5 position with respect to the structure front plate 7. 
This is a precondition for it to be possible to achieve 
ultra-accurate measurement using the interferometers 2. 

Figure 1 clearly shows that structure side parts 5 may 
10 move over the connecting elements 3 in the event of 
temperature fluctuations but a distance a only moves by 
an amount corresponding to the coefficient of thermal 
expansion a of the structure material, in this case in 
particular 2ERODUR®. 

15 

Figure 2 shows a side view of the measurement structure 
1 illustrated in figure 1. The structure elements 4 are 
designed to be wider in the Z direction, in order to be 
able to hold the interferometers 2 directly so that in 

20 this way a measurement can be carried out inside a free 
space 8, it being possible for a measurement object, in 
particular an optical element, to be introduced into 
this free space 8- Cutouts 9 are formed into the 
structure side parts 5. Of course, the cutouts 9 may 

25 also be introduced into ail- the other structure 
elements 4, 6 and 7. The cutouts 9 are generally used 
to reduce weight, since the measurement structure 1 
would have a relatively high weight in the event of a 
relatively large design. The cutouts 9 also serve to 

30 make the temperature of an appliance, into which the 
measurement structure 1 can be introduced more uniform. 
Therefore, the cutouts 9 ensure ventilation, since 
otherwise heat could build up inside the measurement 
structure 1, and as a result the entire frame structure 

35 would be distorted. This also-. allows targeted through- 
flow* 

As can be seen clearly from Figures 1 and 2, the 
structure elements 4, 5, 6 and 7 are only connected to 
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one another via the connecting elements 3, which means 
that there is no direct attachment between the 
structure elements 4 (platform for the measurement 
means) and the structure front part 7 (platform for 
5 securing in a device) , and therefore the expansion 
behavior of the connecting elements 3 between these two 
or further structure elements 4 is of no importance. 

Figure 3, and also Figure 4, illustrate the connecting 
10 device 3 in more detail. In this exemplary embodiment, 
the connecting device 3 is in each case connected to 
the structure side part 5 and to the structure front 
part 7. Connecting elements 10 and 10' are H-shaped in 
cross section. The connecting elements 10 and 10' are 
15 introduced into an opening or cutout in the structure 
elements 5 and 7 in such a way that the material of the 
structure elements 5 and 7 j;s . in each case arranged 
between limbs of the H-shaped connecting elements 10 
and 10' . This ensures a connecting device 3 which is 
20 formed symmetrically with respect to the structure 
elements 5 and 7. 

Bores 11, into which adhesive for securing the 
connecting elements 10 and 10' to the structure 
25 elements 5 and 7 is introduced, are provided at the 
connecting elements 10 and 10' . The adhesive is an 
adhesive which is suitably matched to the materials. 

The structure elements 5 and 7 are moved into position 
30 using auxiliary elements, such as angle brackets or 
supports, and then the screwed and prestressed 
connecting device 3 is introduced and secured at the 
intended locations 11 using adhesive. In the process, 
the connecting device 3 can be held in position by 
35 further auxiliary elements (soft attachment) . 
Therefore, after the adhesive has set, a connection 
which is as far as possible stress-free has formed. The 
individual structure elements 5 and 7 can be dismantled 
after adhesive bonding, the corresponding connecting 
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element 10 or 10 ' remaining in place at each structure 
element 5 and 7, since the parts 5, 7, 10 and 10' are 
fixedly connected to one another by the adhesive. 

5 The individual connecting elements 10 and 10' are 
connected to one another by a securing means, in this 
case in particular a bolt 12. The connecting element 
10' in this case serves as a centering means and nut 
for the bolt 12, since an internal screw thread is 

10 provided in the connecting element 10' . During 
dismantling of the structure elements 5 and 7, it is 
possible for the structure elements 5 and 7 with the 
connecting elements 10 and 10' to be separated from one 
another as a result of the bolt 12 being loosened and 

15 removed. This structure facilitates installation in an 
appliance or machine. 

The main advantage of the connecting elements 10 and 
10' is that they are always ' positioned symmetrically 

20 with respect to the structure plane, and the 
arrangement does not allow any peeling off. This is 
ensured by virtue of the fact that in each case one 
adhesive-bonding location is provided at the limbs of 
the connecting elements 10 and 10' and the adhesive 

25 bonds are in this case supported on one another. 

Figure 4 shows a side view of the connecting device 3 
illustrated in Figure 3, once again emphasizing the H- 
shaped cross section of the connecting elements 10 and 
30 10'. 

Figure 5 shows a perspective view of the measurement 
structure 1; in this case the cuboidal structure, as 
has already been mentioned under Figure 2, can be seen 
35 once again. On the upper part of the cuboid there is a 
connecting part 13, which is designed in an X shape. 
The connecting part 13 is in each case secured only to 
the structure side parts 5. Further connecting parts 13 
may be located in the interior of the cuboid and at the 
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lower part of the measurement structure. They are used 
to reinforce the overall measurement structure 1. 

Fixing points 14 are also present on the measurement 
5 structure 1. The fixing points 14 are fixedly connected 
to the structure front plates 7 to allow it to be 
mounted in an appliance or machine. 

A plurality of interferometers 2 are illustrated in 

10 this exemplary embodiment (Figure 5) . Since the 
measurement structure 1 can particularly advantageously 
be used for measurements in an imaging device for 
microlithography, it can therefore be used in 
particular to check the installation position of 

15 objectives. In this case, a reticule is arranged above 
the objective, the reticule structure being imaged into 
an object plane, in particular onto a sensor. To allow 
accurate control of the reticule, the position of the 
reticule has to be accurately determined. This can be 

20 carried out using interferometers 2 of this type, which 
in this case are advantageously formed as laser 
interferometers. Measurement paths for determining the 
position of the optical elements can be built up via 
laser interferometers 2; in the present exemplary 

25 embodiment in each case three laser interferometers 2 
are arranged on a structure element 4. In an electronic 
data processing unit, the values determined can be 
recalculated or converted into absolute position values 
for the respective optical element. 

30 

Since this requires the highest possible accuracy of 
the measurement values, the measurements arc carried 
out in the nanometer range. The measurement structure 1 
can likewise be used for measurements in mechanical 
35 precision measurement technology, which on account of 
current requirements is carried out primarily in the 
nanometer range. Other applications would also be 
conceivable . 
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Constructing the measurement structure 1 from materials 
with a very low coefficient of thermal expansion a 
allows the imaging quality of optical elements to be 
determined with significantly greater accuracy as a 
5 result of the accurate and precise measurement by the 
interferometers 2 . 



